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Free glycerol would be expected from biochemical con-
siderations to be an end product of lipolysis of sebum 
triglycerides. Glycerol was measured in skin surface 
washings of acne vulgaris patients, in acne vulgaris 
patients treated for at least 3 mo with oral tetracycline 
and in control subjects. Surface glycerol in untreated 
acne subjects was significantly less than that expected 
theoretically, whereas the amounts of such glycerol in 
treated acne patients and in control subjects closely 
approached the theoretically expected values. 
It is suggested that glycerol may be an in vivo sub-
strate for Propionibacterium acnes. 
Bacterial lipases hydrolyze human skin triglycerides to lib-
erate free fatty acids (FFA), diglycerides (DG) and monoglyc-
erides (MG) [1-3]. Further hydrolysis might logically be ex-
pected and would yield glycerol, a non-lipid. It was of interest 
to evaluate the extent of such hydrolysis, since glycerol has 
been shown to be a n in vitro substrate for Propionibacterium 
acnes (P. acnes) [ 4-8] and Staphylococcus epidermidis (S. 
epidermidis) [9], both t h ese organisms being skin r esidents. 
Reduced glycer_ollevels might indicate in vivo utilization of this 
substance. 
Acne vulgaris patients were studied because there is eviden ce 
of a n abnormal bacterial population in the skin [10,11]. Patients 
treated with long-term oral tetracycline, because of its reputed 
bacteriostatic effect in the skin [12-14], and control subjects, 
were also investigated. 
METHOD 
Twenty-one patients with acne vulgaris, 10 acne patients taking oral 
tetracycline therapy and 20 control subjects volunteered for the exper-
iment. 
The acne group comprised 14 males and 6 females with age range 
14-27 yr and mean age 20.9 yr, the treated acne group contained 4 
males and 6 females with age range 18-26 yr and mean age 21.3 yr, and 
the control group included 11 males and 9 females with age range 14-30 
yr and mean age 25.2 yr. 
The acne group was clinically assessed on the I-IV grading system of 
Pillsbury, Shelley and Kligman [15]. There were 8 grade III patients, 5 
grade II patients and 8 grade I patients. 
The treated group all had attended the Guy's Hospital Dermatology 
Outpatients' Clinic because of acne vulgaris, and as a result had been 
taking continuous oral tetracycline therapy twice daily for at least 3 
months. 
T he contro l subjects had no past history or clinical evidence of acne 
vulgaris. 
Surface lipid from an area over each scapula was extracted according 
to a modification of the method of Boughton et al [16). The base of a 
circular glass funnel (65 cm2 in area) was held firmly against the 
sampling site and the area within was thoroughly washed (3 x 5 ml) 
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with a hexane/diethyl ether/ethyl alcohol mixture (1:1:1 v/v/v). These 
washings were discarded. The test site was then protected by a sturdy 
polyester dome, which separated the clothing from the washed area 
but permitted normal evaporation of sweat through perforations. Three 
hours later, during which period the subject remained sedentary to 
minimize sweating, the washings were repeated using a smaller circular 
glass funnel (45 cm2 in area). The area of the test site was measured by 
tracing the outline on a polythene sheet, cutting out the area enclosed 
by the trace and then weighing it. The area was then calculated from 
the already known density of the sheet. (This procedure was necessary 
because the area of the test site did not necessarily correspond to the 
area of the funnel, owing to the elastic nature of skin) . The lipid extracts 
were filtered to remove epidermal debris and samples from the right 
and left side were pooled. Solvent was dispelled in a rotary evaporator 
under vacuum (40°C) and 1 ml of distilled water and 5 ml of diethyl 
ether/hexane (1:1 v/v) were mixed with the residue and then allowed 
to separate. The lower aqueous phase contained glycerol and the upper 
phase total lipid. Glycerol was analyzed by a coupled enzymatic assay. 
Glycerokinase reacts specifically with glycerol in the presence of ATP 
to give glycerol-3-phosphate and ADP. The resultant ADP was reacted 
with a mixture of phosphoenol-pyruvate, NADH, pyruvate kinase and 
lactate dehydrogenase. The decrease in NADH was measured spectro-
photometrically (Pye Unicam SP 1800) at a wavelength of 340 nm and 
this decrease was proportional to the amount of glycerol originally 
present. Known glycerol standards were carried simultaneously through 
the above procedure. 
T otal lipid (4-8 mg) was dried under nitrogen and estimated gravi-
metrically on a 5-figure balance. About 500 nm of arachidic acid (C20:0) 
was added to the total lipid, aliquots of which were applied to 20 x 20 
em thin-layer chromatography plates coated with 0.5 mm Kieselgel G 
and 0.01% Rhodamine 6G. The plates were developed in petroleum 
ether/ diethylether/acetic acid (82:18:1) and lipid bands visualized un-
der UV radiation. The FFA band (which also contained the C20:0 
internal standard) was eluted with sodium-dried diethyl-ether (3 X 5 
ml) and methyl esters prepared by refluxing for 90 min with 3 ml of 
20% concentrated sulfuric ac id in dry methanol. Fatty acid methyl 
esters were analyzed by gas liquid chromatography (Perkin Elmer F17) 
consisting of a capillary column 2 mm X 50 m coated with diethylene 
glycol adipate (LAC IR 296 Perkin Elmer) and a flame ionisation 
detector. The column was run isothermally at 185°C with argon as 
carrier gas. Peak areas were calculated mathematically using chord 
width and peak height measurements. The molar response relative to 
the peak area of C 20:0 fatty acid was verified for different fatty acids 
using NHI standards and the appropriate conversion factors taken mto 
consideration for calculating total moles of fatty acid present in the 
skin samples. 
Monoglyceride (MG) and diglyceride (DG) bands were not readily 
separable and were therefore pooled. These lipids were hydrolyzed with 
sodium hydroxide and aliquots of the hydrolysate were analyzed as for 
glycerol (Boehringer test ki t 15989). 
The distribution of values for glycerol and FF A were each found to 
be lognormal and hence a logarithmic transformation was canied out 
on the data to enable statistical assessment. The overall variation 
between the 3 groups of subjects was eva.luated for both glycerol and 
FF A using one-way analysis of variance and when such variation was 
found to be statistically significant individual comparisons between 
relevant pairs of groups were then made using 2-tailed t- tests. 
RESULTS 
Acne vulgaris patients, both treated and untreated, had a 
m ean rate of sebum excretion significantly greater than that of 
controls (p < 0.001 in both cases). Similarly these sam e groups 
produced higher absolute amounts of FF A than did the control 
subjects (p < 0.01 and p < 0.05 respectively) . However , the 
percentages by weight of FF A to total sebum showed n o sig-
nificant differen ces between the 3 groups (Ta ble I) . The m ean 
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glycerol level measured was higher in the treated acne grol~p 
compared with the untreated patients and controls (p < 0.05 m 
each case). There was no significant difference in glycerol 
content between the acne and control groups (Table II). 
The glycerol level measured on the skin was not, however, 
that which could be expected from the amount of FF A present. 
This "expected" glycerol may be calculated from the molar 
amount of FF A after prior subtraction of the fraction of FF A 
contributed by the MG! DG pool. The ratio of MG to DG in 
sebum from the back is 0.4/ 1 [17) and hence it may be derived 
that 1 mole of the MG! DG pool is equivalent to 1.3 mole of 
FFA. The amounts of FFA equivalent to the measured MG/DG 
values were subtracted from the total measured FFA values. 
The amount of glycerol expected was then deduced using the 
fact that 3 moles of FF A are equivalent to 1 mole of glycerol. 
Comparison of this "expected" glycerol with that measured in 
the acne vulgaris group showed a highly significant difference 
(p < 0.001), the measured value being 3 times lower than 
expected. No significant difference was seen in similar compar-
isons in the treated acne vulgaris and control groups. Fw·ther-
more, the presumed rate of glycerol utilization in each patient 
(see Discussion) was derived by subtraction of the measured 
from the calculated (or "expected") value. The mean rate of 
such utilization in the acne group was thence found to be 4 
times higher than in the treated patients and 9 times higher 
than in the control group (Table II, Figure). 
These results were well corroborated by comparisons of the 
ratios of glycerol-related FF A to measured glycerol between 
the groups (theoretical ratio 3/1) . The acne group had the 
higher mean ratio (11.2 ± 1.4 SEM) compared both with the 
treated patients (4.5 ± 0.7 SEM) and with the controls (4.6 ± 
0.8 SEM) (p < 0.01 in both cases) (Table II) . 
DISCUSSION 
Glycerol is a water soluble compound and is present in small 
amounts in blood and in adipose tissue. The preen gland secre-
tions of ducks contain some glycerol [18], but its presence in 
human skin secretions does not appear to have been previously 
demonstrated. The diglycerides, monoglycerides and glycerol 
found in sebum are the products of triglyceride lipolysis which 
TABLE I. Rate of shin lipid excretion from the scapular region of 
acne vulgaris patients, treated acne vulgaris patients and control 
subjects 
Acne Treated 
Mean SEM Mean SEM 
Sebum production 
Jlg/cm2/3 hr 52.5 ± 3.9 53.3 ± 4.4 
Free fatty acid 
nm/cm 2/3 hr 17.9 ± 2.2 14.7 ± 2.3 
(% in sebum) (13.3 ± 1.6) (9.6 ± 1.6) 
Mono- and diglyceride 
nm/cm2/3 hr 1.1 ± 0.1 1.1 ± 0.1 
TABLE II. Glycerol utilization 
G lycerol measured 
nm/cm2/ 3 hr 
G lycerol calculated 
("expected") a 
nm/cm2/3 hr 
Glycerol utilization 
nm/cm2/3 hr 
Ratio FF A Glycerol 
Acne 
Mean SEM 
1.8 ± 0.3 
5.5 ± 0.7 
3.6 ± 0.6 
11.2 ± 1.4 
Treated 
Mean SEM 
3.6 ± 0.8 
4.4 ± 0.7 
0.9 ± 0.9 
4.5 ± 0.7 
Control 
Mean SEM 
39.9 ± 2.4 
8.5 ± 1.0 
(9.3 ± 1.4) 
1.0 ± 0.1 
Control 
Mean SEM 
2.0 ± 0.3 
2.4 ± 0.4 
0.4 ± 0.4 
4.6 ± 0.8 
a Theoretical glycerol was calculated from values of FF A on the basis 
of 3 moles FFA:l mole glycerol; FFA contribution by MG/DG (1.3 
mole FFA per mole MG/DG) was subtracted initially. 
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Shows the amount of glycerol theoretically expected and the amount 
actually measw-ed in the scapular region of acne vulgaris patients, 
treated acne vulgaris patients and control subj ects. 
takes place during sebum excretion, and are not in fact precur-
sors for triglyceride synthesis [19-21). Hence these products 
bear a numerical relationship to the FFA liberated from TG, 
and it is possible to calculate the degree of lipolysis from the 
amount of FF A present. From the high amounts of FF A in acne 
vulgaris and treated acne vulgaris patients one would expect a 
high glycerol level in the skin lipid of these 2 groups. However, 
only the treated acne patients showed a significantly higher 
level of measured glycerol compared to the other 2 groups while 
there was no significant difference in glycerol levels between 
the acne and control groups. The level of FF A not derived from 
DG and MG gives an indication of the amount of glycerol . 
liberated in the surface lipids, and this "expected" glycerol level 
was compared with that actually measured in the 3 groups. 
Treated acne patients and control subjects had values that were 
close to the "expected" glycerol levels. However, in acne pa-
tients there was a big discrepancy between measured and 
calculated glycerol and this would seem to indicate a greater 
rate of glycerol utilization in these patients. 
If FF A can arise from sources other than TG lipolysis, then 
the above assumption is not valid. Lipolysis of wax esters 
produces wax alcohols and FF A, but no wax alcohols have been 
demonstrated in human skin [22,23]. Breakdown of cholesterol 
esters produces free cholesterol and FF A, but although free 
cholesterol is found in surface lipids, the amount is negligible 
[24]. Hence lipolysis neither of wax esters nor of cholesterol 
esters is able to make any significant contribution to the FF A 
pool. Certain skin bacteria can produce FF A of the Cw 
branched type, but these are found only in trace amounts in 
swface lipids [25,26]. It is thus established that FF A may be 
considered as arising solely from TG lipolysis. In view of the 
foregoing, therefore, it appears likely that glycerol is removed 
after it has been produced. Organisms that produce lipolytic 
activity may utilize the breakdown products for their own 
nutrition. The major organisms which possess lipolytic activity 
are P. acnes, S. epidermidis and Pityrosporum ovale (P. ovale) 
[27-29]. 
Studies in vitro have demonstrated that certain sebaceous 
fatty acids stimulate growth of P. ovale and P. acnes and that 
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glycerol enhances growth of P. acnes [7,30]. The skin of acne 
vulgaris patients contains a much higher count of P. acnes 
[10,11] than that of age-matched controls, and it is conceivable 
that the increased rate of glycerol utilization in the acne patients 
is attributable to this higher bacterial density. During tetracy-
cline therapy the density of P. acnes on the skin is significantly 
reduced, while the counts of S. epidermidis and P. ovale ru·e 
unaffected [13,30,31]. in the present investigation tetracycline-
treated patients demonstrated minimal glycerol utilization and 
our findings would thus suggest that glycerol may be an in vivo 
substrate for P. acnes. 
P. acnes has been implicated in the pathogenesis of acne 
vulgaris and if glycerol is in fact an important nutrient for the 
organism then glycerol must also be closely involved as a 
contributory factor to the disease. 
We are very grateful to Prof. I. Macdonald for the use of his 
laboratory facil ities and for his helpful advice and to Dr. R. S. Wells for 
permission to investigate his patients. 
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